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‘IIIIWA-P1ml FUSIONIULUTOR

Frmk W. Clinnrd, Jr.
University of California
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Sulnnittcd to The CIT.1;1cct.rical Insulator Wet ing held in
10s Almms, Xly 17tll, lstll, and IWl, 1!)76

~crc arc f ivc mnjm- :qq31ications for c1cctricnl irml ntors in the Rcfmxmc
‘lhtii-l’hldl I&actor (itl llR) :

first -hwl1 ins~llnt or -- to stml off vo] tngun gcncrntcd durin~..-- ... —.
Imp]oil Zin-ll.wt.Ing

l)lillll:(’1 i ntersmr.wt insuliltnr ----- - . ....... . . ----- . the cent immt ion of the first-ml 1
lnsul:ltf)r ul(mg 1lK-‘TIlfLYii-l~OCh sc~mnt to provi (!c pat hs for magnetic
flux punctuation and to divide the implosion VO?tilj!~

hrqh i“m-cmcgmll :It in!! im’.llat or -- to rcducc eddy-cmrcnt losses in the...—-— .—-- — — -—
:111.L’t

i~osicm coj 1 insulmor -- to rlcctric:ll 1y S~ilYWtC mgnct windin[:s— . --- -.-—

!Z!!!WYM?J-!W!W!RI!?C-- to c1cct rical 1y wpillwt L?mgnct windings.
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Ckomcttm.—

‘h ori~;inal lK1’Rdcs iy~ cai 1s for :1 0.% nwthi ckncss or Alb#q hmilcd
to 1 mmof NI-1% Zr (Fif:. 2]. .Sulwqmnt dcsipns hcvc propnsd n ihjn-
insul Mor vrrs ion (I:iK. 5), a collt jl!llnuily-~:1 ilkl 1:ll~in:ltc [I:ig. 4], il rm-
bndcd systrm (Fill. 5), im n] 1-ceramic first wd 1 [I:ig. (i], an al 1-ceramic
se-t (l~ig. 7), ad huqcr pmtucc jun [l:i~m 8].
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Table1.

i
.& RESULTS OF FIRST WALL INSULATOR

,m-- -- b—-

DE51G}J

~fJl~AR

((13 mm A1203!

IJW INAR

(Ql mm Pm12C3)

B W’,PER-:’ROTECTED

Q3 inn A1203 IJWIINAR

U mm A1203 BUMPER}

ALL-CERAhl IC

BHi?ER U mm

SOLID A1203)

PA!?AHJETX 5T(JDE5

TEIIP. R 1S5 K“

326

312

55

450

920

MM 10!S ILE STRESS

(STREWTHl Pax 10+

L50 (1.75)

o U.75)

M6 a.75)

. 375 (7)

MAX CC?5’iPR STRESS

(STREWTH!Pax 10-8

45 (>10)

.

‘?ase temperature assumed to be 1O(MK



F. lifct imc

Althcu~h IW definite 1ifct imc rrquirmmnt has hccn cst:lhl ishml, 11
Wmld 1x’hi J:llly dcsi rahlc that the first-w:I11 j nsulil tor mm in
oporat ivc unti 1 t inm ror schcdulml nwlulc mlintrn:mcc (p~’rh:qts
2-5 years] . At thiit tine, Scgnmnts with filul ty first-wa 11 insul:!tor
could bc rcplaccd or possibly rqmircd in-situ by a tdmiquc sudl
a.%chemical vapor dqmsit ion.

(’2mdidnte Mtcri als

It is prcmturc to rlttcmpt to select cml icJiltCnmtcr ids lmt il SUffiSicnt
dntn on long-term r:ld i:ltiun effects mm on hiind. w the Ixmis of prol imi~lly
stdi~s, St~Xm~,s~alon, S1+T&, Y.{,fl$)1,, 31@1704, tl%l~, and Y+l lmk prmnisi nc.
IIIC first tlln’~ ilrC ‘it llYll~-illd thtlllill -SllOck-r&lstmlt, and Sllml d lit lWMf
illitiill ly exhihit ~;c!odc?VCtriCill prqwrtiw. llm lattm= tkv mu not so ~cmd
in st mctural and elect rlcal bchnvior, but my be ailquat g. All seven show
lW SW]Iing at ~1000 K wlm irrmliatcd to N3 IIP,l LI lWlt-T1.

Kstimiltc of the Nngnif.mk Or the Rob] mm— —— -..—-. ——

A. mater] al bchmrinr

hcwlcdgc of short -tcm !mhtior [c .g., cloctriml nncl mchanical
effects) is tidc~uutc to all nw t~mt:lt ivc cst imlt cs of. Imtcri al pcrf’wwncc.
lkJWCNOT,murc Ckltil WC neckxl to :11i Oh’ such C!;t imatcs to k m?ldc! Wit 11
c(m{idmm. lm~!-term Iwhmior cmnnt yut ha prmlictud, primiiri 1y Icrcmiso
of lnck of in ~onr~mion on rid iilti cm. induccd st nlctuml chilng~s [d] ich
afkl both L*1uctricul UN rcclmnl cnl pmfommc] and m chd d

cmsion. l::dtricat icm mhl rtmctor opcrllt km vnri illJICS ilrC mnjor
~cc~ii int j w in the prc~iction or both short-term :md long-term
lwh:lvh’ , since thq clcFhc t!lo qun] ity of Sl]c stnrt ing mntmriil 1 and
Cpcrilting comli tions.

A :~i~Jdficcmt incrmm in cfIbrt [lmrh:lps tsn t+.ms that now avni lahl c)
is nccdml to sunp ly mwmrs to questions in tlm il~XIS d e] cctricill,
stmct ural, :md c+uniral c rrwts. lhc most cri ti m i tmk is propr
Sjnuliit ion of ili~h Icvcls or fwion rcuctor-inihwd Wnmctum] rndint jcm
dami[:c.

Ii. filhrj cat ioli



C. resource mmi Inhi lity

Mst ilmulntor% arc nmdcup of canhin:itions of Si, Al, B@,0, ad N,
all Of which wc pl~ti rul. If Mach Ilmtcrinls m Y$ll md ml hccanc

4sorhus ~trndcrs, the nvai lability of the nmtal lic konstitw. ts shwld
bo CoTMidcrcd.

Yirst -ml11 in.sulat.or rcqui renwnts me strong] y t icd to reiictor charactcri st i cs.
&nlc or these am:

duty factor
bum duration
il@OSiOn heating VOltil~C
first -wnl1 dcsi~~n
mudxw of scgmnts pm mxlulc (now 100)
nmintcmmcc SCJWCIULCS
unifmnity of wall loading
gm blmkct khuvior.

‘Ihc first-Mall insulutor cm bc fully dcwl O@ only nfter tlmse reactor pardmtcrs
which nffmt t hc indator arc cox~lctcly spcci rid.



BLANNTMTR%I17U3’I’lN!!IIAWR

-

llw orifiinzl ltlT!4drsign cnllml for a (1.$nzn-thicl inwlatinfi Inycr Immlwl
to the h%-1~ Zr sidm of cdl wgmrnt. Free-stnndin!: !)1ntvs WIth at twhxl first -
wall insulators arc nIso undrr con::idrr:lt ion (l:j g. 5). W Lh m al I -cmwm ic
design, the ii.tcrscgmcnt insulator is part of the scgnmnt st ruct uro (1’ig. 7).

~crating bncli tions
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opomt ivc unt i 1 timu ror schcdul cd mdulc DMint mcn~ (pcrlmps 2-5
yams).

Candld:ltr Mmminls—...—— . . ..

Ifir mmnrnts ONc:mdi M c nmterinls h the section on tho first -wnl1 insul attor
arc flmmml 1y app I iC:lhIc ht’rls. Sj nm st rcn~!t h ml t hurml shock YW ist nncc
rqui Ivmnts mu c.xpw[ ml to hc lomr for the intcrscyyrnt insuli]mr, n wldcr
Vflricty of nutwin is, inc]uding g]:mscs, can hc considcrvxl.

l%tinritc or thv Mmmit ~dc nf t hc Pmh?cm—- . ... . . ---- . . ..“.--. ——————— -

IkqmNl,vKw of Tn::,fln[rr l?Pc~IlmmIts on !k,wmtm llwi~~,n d (~,wr~ltil~~%r~~lt~r:;-.. --- .,- . . —-. ,------ . .........— .,...- .. ... . .. . .. . . .. ... .. ... . . J.- -------- -. -,- . .. . .. ...
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Gcullrtl-w

i nnmmst rq;] on, fdi x I(113

[hmlm:m.I}llrn -- %1 x 10’. . . . .. ..- -.

IW lw’1’nInllms -- %1 x 1o’1------- ..-. —.--,

1). tcl+m’:ltlll’r!:

C. mmml i n~: ml i IM

~K’ ill}lll:llor .:; Ilk’1 :11.dild,

[:m.lisl.111’ !!lll’ri:ll”n
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H inwtc rtf the Mqn i tudr of the Prnhlam%——— —. .

Cbnncnts in llK* section nn t]Km first -w’il1 inw I:11or arc :I@ icnhlo here.
In firnuml, rewl ts from I“irst -w I 1 iwul:ltnr stud irs coulil hc used to dcwlq
the enqIsul:II in!; inmlntor. Iknwwr, spcc inl rcqu i rcmnnts such m t.hose just
mnt inncd nwt I* cons idwd sqwat c] y.

Ikqxmkncc of hul~ltor Rquimwnts on lkwctor lksif.n and Opcrnting Parawwrs—— . ..— . —--- . —— .-. - —.. —

Emapsul :It in!: insulator rqui rcnwnt:; arr dqxwdvnt on dctu i 1s of blanket
&sign, mtrrial chnircs, ml m i nt cm:mw SCIP.WIUICS.‘Illww Ilnl:it hc rlll ] y
dcflnud lwfurc a firm 1 cki cc for this inwlatur WI hc redo.



1MWS1OS COII, TIWUI.!WR

71]c implosion coi 1 is mndc UP of a number of crrnmic hodics of n “top h:it”
confi~uration , staclwxl cml to cml. liildmn-t~lw c lcct ricul lrmls a r~’ Ivmdml
to th~’ sul’rilcc 0f r:lch body :md covcrcd with corilmic or gl:lss to sLlpprcss
surfmx tracking.

QtE@!’wx!!!!!w?!’!!.
A. rdiation fic]ds

13 n/cm2 scc (avc’]1. neutrons -- %6 x 10—.—.

B. tcmpcral urcs



R. fiihrication

Fahricnt ion prnhlcms wi11 bc non-t rivinl, hut qpcar to bc rcsolv:iblc.

C. rcsourcc awi IAil ity

Qnnrwnts on this topic for tllc first-WI 11 insulator arc appliciiblc here.

Dcpcrulcncc of Tnslll:Itay_—~lhmquircmnls m RC:ICIor Dwi w ml Opcmt ins Pmwct crs——.. . -—.. .-——
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~!PRIY%MN C(ML INSUI.TIUR

Cd?@mt l-y

‘Ihc coil is ndc up of windin~y of CU-q-r alloy inter lu:nd with cvr,amic
insulator (xwuhaniual contact]. The ilm.ililt 01” my k in ei thur lull h G r fabric
forin.
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